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 We quantify energy reductions through shower demand management in five households
 Demand management focused on shower duration, using detailed validated models
 Four-minute showers (reduced from six to ten minutes) saved 0.1 to 3.8 kWh/p/d
 Household savings significant, compared to total 0.3 kWh/p/d used for water supply
 End-use focus offers significant potential to limit energy footprint of urban water
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ABSTRACT
This paper explores the range of potential energy use impacts of shower water demand management in a case 
study of five highly characterised households in Melbourne (Australia), and assesses the difference in energy 
and cost responses for four different hot water system types. Results show that a shift to four minute showers 
(from current durations of between six and ten minutes) would lead to a reduction of between 0.1 and 
3.8 kWh p-1 d-1 in the households studied, comprising between 9% and 64% of baseline hot water system energy 
use. Contrasted with an average energy use for water service provision in Melbourne of 0.3 kWh p-1 d-1, such 
household reductions demonstrate significant potential for urban water cycle energy management. Combined 
water and energy (natural gas) cost savings in response to the four-minute shower scenario were $37 to $500 
hh-1 y-1 in the households studied. Energy cost savings would be more significant for households with electric 
storage hot water systems than those with gas systems, at $39 to $900  hh-1 y-1, due to higher variable tariffs for 
electricity than natural gas in Victoria ($0.2678 kWh-1 vs  $0.0625 kWh-1). Households with electric storage hot 
water systems may therefore have greater financial incentive to participate in water-related energy demand 
management (assuming similar tariff structures). 
KEYWORDS
Water; Energy; Material flow analysis; Greenhouse gas emissions; Residential; Demand management.
1. Introduction
There is a growing focus on integrated management of water and energy. Motivations include concerns about 
water and energy resource scarcity due to population growth (Kajenthira et al. 2012), and extend to food 
security issues (Hussey and Pittock 2012), economic efficiency (Kajenthira et al. 2012), climate change impacts 
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(Pittock et al. 2013), and the implications of resource dependency on the adaptive capacity of cities (Newell et 
al. 2011). By taking advantage of synergies between water and energy efficiency, integrated water and energy 
management presents a significant opportunity to address urban resource challenges. In the water sector, the 
energy requirements of urban water resources have attracted particular attention as the sector seeks to address 
risks associated with energy-intensive supply options and expected growth in energy costs (Cook 2012).
The combined energy use for urban water supply, water end use, and for provision of wastewater services 
represents 13-18% of state electricity use and 18-32% of natural gas consumption in Australia and the United 
States (Klein 2005, Kenway et al. 2011). Of this, the energy used during water end use (in residential, commercial 
and industrial uses) comprises approximately 90% (Kenway et al. 2015). This indirect component of energy use 
for urban water is significant. In households in particular water use drives a significant proportion of energy use, 
with energy use for hot water heating in Australia estimated at 22% of total household energy use 
(Commonwealth of Australia 2008). As improvements in building design continue to increase the efficiency of 
residential energy uses such as space heating, water-driven energy use will grow to be an increasingly significant 
fraction of overall household energy use (Tiefenbeck et al. 2014). Management of water-related energy use may 
therefore offer substantial opportunities for further efficiency gains as an ‘indirect’ lever for urban energy 
management. 
The potential for water demand management programs to shift household water use has been well studied, 
however little is known about the impact of water demand management on household energy use. This 
information is important because utilities could use the information to simultaneously limit energy use for urban 
water service provision while supporting households to reduce household bills. If able to demonstrate that water 
demand management programs led to energy cost savings for consumers (in addition to water cost savings), it 
may support the development of a business case for investment in demand management initiatives (which are 
currently not viable due to consumption-dependent revenue). Consequently, this paper aims to use detailed 
modelling and household investigations to quantify the potential water and energy use impact of water demand 
management. This includes consideration of the influence of hot water system type on energy used for water 
heating, and quantification of the potential impact of demand management on water, electricity and natural gas 
bills.
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1.1. Background
Of the literature quantifying the potential for of water-related energy management in households, the dominant 
focus of studies has been on the impact of fittings and technologies. Naspolini et al (2010) studied the energy 
saved in showering through a change in hot water system to solar electric boosted systems, in low-income 
communities in Brazil. Giglio et al (2014) also analysed the link between showers and hot water systems, 
studying the benefits of low-cost solar hot water systems for different socio-economic groups. Beal et al (2012) 
investigated the impact of efficient technologies on water and energy end use in households. They noted that a 
major driver of water-related energy use is the type of hot water system installed and the percentage of hot 
water demanded from the hot water system, and highlighted that showers and hot water tap usage consumed 
most energy and generated most annual carbon emissions per capita (Beal et al. 2012). 
While a focus on efficient fittings and technologies is critical, several authors point out that as the increasing 
efficiency of appliances approaches maximum limits, hardware-focused demand management will have limited 
further potential. For example, this is noted in studies assessing the impact of informational feedback on energy 
consumption (Faruqui et al. 2010) and the determinants of replacement of home appliances (Fernandez 2001), 
and in exploring potential models for service-oriented infrastructure (Roelich et al. 2015). A focus on behaviour 
is therefore likely to yield greater efficiencies than a focus only on hardware. Gill et al (2011) note in a study of 
25 dwellings of homogenous, low-carbon design, water consumption was found to vary between dwellings by a 
factor of greater than 7 and energy consumption by a factor of greater than 3, concluding that occupant 
behaviour must be targeted in addition to efficient design to ensure resource efficiency. This is supported by the 
analysis of Kenway et al (2016), who note that behavioural aspects had a greater influence on household water-
related energy use than technical aspects. 
Despite recognition of the importance of behaviour, few studies quantify the potential impacts of behaviour-
focused demand management on water-related energy use, and those which do quantify this potential are 
based on basic theoretical modelling of an ‘average case’. For example, Maas (2009) calculates the potential 
environmental benefits of shower duration management for an average Canadian household, using estimated 
water use and energy intensity characteristics. Zhou et al. (2013) use a water balance model of Changzhou 
(China) to estimate supply-side energy use for urban water services, using sector-specific water and energy data 
collected through on-site visits, literature review and estimations. The energy impact of a 10% reduction in 
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domestic water consumption (compared to the national average) is estimated, under the assumption that half 
of the water reduction occurs through showers. 
While these studies provide valuable context on the potential for end-use focused water-related energy 
management in households, the authors argue that there is a gap in the current literature, in that quantification 
of the potential for water-related energy demand management has not considered the complexity of differences 
in both behaviour and technology between households. Analysis based on the ‘average case’ fails to capture the 
complexity of household conditions which will underpin the success or failure of the interventions required to 
achieve demand management goals. Kenway et al. (2016) draw attention to the wide range of assumptions for 
the average case that are evident in literature (e.g. cold water temperatures vary from 4.4°C (Arpke and Hutzler 
2006) to 20°C (Cheng 2002)), emphasizing that variation in individual conditions between households will have 
a significant influence on water-related energy use and management potential. Binks et al. (2016) further 
highlight the significance of varying conditions between households, demonstrating that differences in individual 
water and energy use characteristics between seven households led to a range in water-related energy use of 
between 2 and 7 kWh p-1 d-1. 
The current study aims to capture the impact of such variation in these individual household characteristics, and 
their subsequent impact on the potential for energy management through water demand management, through 
the use of detailed and validated models for five highly characterised individual households in Melbourne, 
Australia. The individual household characteristics which modify this potential are identified, providing valuable 
information for resource managers and policy makers to more effectively tailor interventions towards the 
conditions which are likely to yield greatest impact while avoiding adverse outcomes. 
1.2. Objectives of study
This paper will quantify the impacts of a water demand management scenario for five Australian households, 
and identify the influential factors leading to differences in these impacts between households. The analysis will 
address the following research questions: (a) what is the potential water and energy saving associated with a 4-
minute shower water demand management program? (b) what impact does the type of hot water system 
installed have on energy use for hot water heating? and (c) what is the combined water and energy cost saving 
to the household as a result of the demand management scenario? 
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1.3. Article structure
The methodology applied to this study is outlined in Section 2, including a description of the existing household 
models used in analysis and the design and application of scenarios for analysis through these models. Scenario 
analysis results are presented in Section 3 in three stages: the impact of a 4-minute shower scenario on the 
water use, energy use and related costs for the existing households in comparison to the baseline study (Section 
3.1); the influence that different hot water system types would have on the water-related energy use impacts 
of a 4-minute shower scenario in the existing households, in comparison to their baseline shower durations 
(Section 3.2); and the fixed and variable water and energy cost impacts of the above scenario (Section 3.3). This 
is followed by discussion of the analysis outcomes, and a summary of the key conclusions of the study.
2. Methodology 
This study was conducted using existing mathematical material flow analysis (MMFA) models of five Melbourne 
households, which have been previously described in detail by Binks et al. (2016). The current study simulates 
responses to hypothetical management scenarios in these households. 
The methodology for this study focuses on analysis of two sets of demand management scenarios, conducted 
by modifying key parameters within the existing ResWE household models developed by Binks et al. (2016). A 
schematic diagram of this study approach is provided in Figure 1. The analyses performed were as follows:
(a) 4-minute shower scenario: what impact would shifting the behaviours of these households to a four 
minute shower duration have on their water use, hot water system energy use, and combined water and 
related energy costs?
(b) Hot water system (HWS) type + 4-minute shower scenario: what impact would the installation of 
different types of hot water systems in these households have on their energy use and combined water 
and related energy costs, at baseline shower duration and in response to the 4-minute shower scenario?
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Figure 1: Schematic diagram of study approach; W= water, E= energy, $= costs
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2.1. ResWE mathematical material flow analysis model (Kenway et al 2013)
The ResWE model was developed and validated by Kenway et al. (2013) to understand energy use influenced by 
water use in households. ResWE is a mathematical material flow analysis (MMFA) model based on 149 input 
parameters describing technical, behavioural, structural, environmental and occupancy characteristics of a 
household. These parameters define ten ‘service’ subsystems, which provide the household with services such 
as drinking water, water for showering, dishwashing and laundry, flushing toilets and evaporative cooling. These 
service subsystems are supplied with water and energy from ‘supply’ subsystems (including electricity supplies, 
natural gas supplies and/or solar thermal sources). Major flows of cold water, hot water, energy and wastewater 
are identified. The other remaining household services which involve energy use (but not water use) are 
described in the ‘other energy use’ subsystem, to allow complete accounting of total water and energy use in 
the household. Additional model inputs include water, electricity and natural gas supply tariff information, and 
greenhouse gas (GHG) emissions factors associated with electricity and natural gas supplies. Outputs of the 
ResWE model comprise quantitative data on water use, energy use (electricity, natural gas and/or solar thermal), 
utility costs, and greenhouse gas emissions (GHGs) associated with each individual end use within the 
households. 
A conceptual diagram of the model is provided in Figure 2.
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Figure 2: Conceptual diagram of ResWE model (source: Binks et al. (2016))
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2.2. Melbourne household models (Binks et al. 2016)
Binks et al (2016) characterised the water and related energy use of the five Melbourne households under 
analysis using the ResWE model described in section 2.1. These five household models have been adopted as 
the baseline for this study, as their detailed characterisation of individual household characteristics allows for 
analysis of the influence of both behavioural and technological influences in shower water-related energy 
demand management. 
The 149 input parameters for the ResWE models in the Binks et al. (2016) study were based on empirical data 
describing behavioural, technological, structural, environmental and occupancy characteristics of each 
household. This empirical data was collected from each household through physical audits, interviews and 
analysis of water meter data, focused on a single year (April 2012-March 2013). Data collected was used to 
define a mean and standard deviation value (over one year) for each model input parameter. 
The significant detail of the empirical data required resulted in an audit and interview process which could be 
considered intrusive and time-intensive for the household participants. Selection of households for the study 
therefore prioritised access to data, an understanding and willingness to participate in the intrusive data 
collection procedures, and long-term availability of participants for repeat visits to confirm parameters. 
Selection of households drew from a pool of Yarra Valley Water employees engaged in a concurrent water use 
study, in order to satisfy accessibility requirements and to take advantage of the detailed water use dataset 
available. The focus of the study was on detailed description of water and energy use conditions within individual 
households, and was not intended to provide a representative sample of household types within the broader 
population.
Key characteristics of the  five Melbourne households described by Binks et al. (2016) are summarised in Table 
1 (average values over one year). The households vary according to occupancy, hot water system type and size, 
and behavioural (e.g. shower duration), structural (e.g. length of hot water pipes) and environmental (e.g. cold 
water supply temperature) characteristics. All five households are detached dwellings.  
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Table 1: Key household characteristics - mean values over one year (Source: Adapted from Binks et al. (2016))
End Use Parameter HH1 HH2 HH3 HH4 HH5
Year of analysis Apr 2012 – Mar 2013
Adult residents (p hh-1 d-1) 4 4 2 2 2
Child residents (p hh-1 d-1) - - 2 2 -Occupancy
Average occupancya (p hh-1 d-1) 3.65 3.04 3.42 3.95 1.73
Typeb SOL+GCTc SOL+GCTc GST GCT GCT
Cold water supply temperature (°C) 16.7 16.3 16.3 15.6 16.9
Hot water temperature (°C) 60 60 60 60 60
Storage surface area (m2) 2.8d 1.8d 1.8 - -
Average length hot water pipe (m) 8 12 5 15 7
Hot water 
system
Energy conversion efficiency factor (-)e 1.54f 1.54f 1.31 1.54 1.54
Frequency (showers p-1 d-1) 1.6 1.8 0.9 0.9 1.4
Duration per shower (min) 10.3 10.0 5.8 6.1 11.8
Flow rate (L min-1) 6.0 9.0 4.4 10.5 7.4Shower
Temperature (°C) 40 41 32 38 43
a Based on annual calendar of occupancy for 2012-13, including guests and absences 
b SOL: Solar thermal; GCT: Gas continuous; GST: Gas storage
c Solar thermal hot water system with gas continuous booster unit. Gas continuous booster load 
assumed at flat rate of 20% of total hot water energy demand
d Solar thermal hot water storage
e Energy conversion efficiency factor = η-1, where η is the efficiency of the hot water system. 
This factor is used to convert the net thermal energy required to heat water to gross thermal energy 
consumed by the hot water system during the energy-to-heat conversion process. 
This factor applies to energy conversion processes within the household only (i.e. does not account for 
the loss of thermal energy in the generation of electricity and/or other life-cycle energy impacts). 
f Applied to gas continuous component of hot water supply only
Water, electricity and natural gas supply tariffs adopted for the study are outlined in Table 2. Water supply tariffs 
for the study period (April 2012 to March 2013) were provided by Yarra Valley Water. Electricity and natural gas 
tariffs were adopted from standing offer arrangements reported by St Vincent de Paul (SVP) for the study period, 
based on detailed tariff tracking conducted by SVP spanning all domestic retailers and supply zones in Victoria 
(Mauseth Johnston 2015a, Mauseth Johnston 2015b). For electricity and natural gas tariffs, an average of 
standing offer tariffs for all available retailers within the study area was adopted. Data on actual electricity and 
natural gas market tariffs for each household were collected during surveys, however a standardised tariff was 
adopted for analysis to allow consistent cross-comparison of modelled water, electricity and gas costs between 
the households. 
Table 2: Supply tariffs adopted - water, electricity and natural gas (Source: (Binks et al. 2016))
Water Electricity Natural Gas
Fixed Variable Fixed Variable Fixed Variable
($AU/y) ($AU/L) ($AU/y) ($AU/kWh) ($AU/y) ($AU/kWh)Tariff
441.76 0.0037 341.28 0.2678 215.68 0.0625
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Results of the ResWE models for each of the studied households are summarised in Table 3 (adapted from Binks 
et al. (2016)).
Table 3 Overview of average daily household water and related energy use (Source: Adapted from Binks et al. 
(2016))
HH1 HH2 HH3 HH4 HH5
Water use L hh-1 d-1 733 737 305 545 333
Water-related energy (WRE) use kWh hh-1 d-1 16 21 7 15 12
Total energy use1 kWh hh-1 d-1 70 164 52 100 49
Modelled WRE % Total Energy 23% 13% 13% 15% 24%
Water and WRE costs $ hh-1 d-1 $5.78 $5.15 $3.52 $5.02 $3.86
Total water and energy costs2,3 $ hh-1 d-1 $12.24 $19.13 $9.53 $14.05 $8.47
Modelled W&RE % Total Costs 47% 27% 37% 36% 46%
1Based on empirical energy billing data
2Costs for total household water and energy use, including the non water-related components of energy use 
(e.g. lighting, heating).
3Calculated based on empirical utility data for electricity and natural gas use, using supply tariffs in Table 2.
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2.3. Scenario analysis design
2.3.1. End use demand management through shower duration
A demand management scenario consisting of a shift to a four minute shower duration in each of the households 
studied has been adopted for scenario analysis.
Shower duration was adopted as the focus of demand management in this study for several reasons: (i) showers 
were identified as a  significant WRE end use by Binks et al. (2016) (14% to 67% of household water use, and 
11% to 67% of household WRE use, in both cases increasing with shower duration and total volume of water 
use); (ii) four-minute showers are a well-recognised residential water demand management strategy in 
Australia; and (iii) shower duration is a behavioural factor which may be more readily controlled by households, 
compared to shower temperature (difficult to shift without changing comfort level), shower flow rate (low-flow 
shower heads already at high market penetration, cost of fittings) and shower frequency (lifestyle factors). This 
approach is supported by findings in literature, in which focussing scenarios on individual end use has been 
identified as an effective approach for water-related energy demand management (Fidar et al. 2010, Strengers 
2011, Kenway et al. 2016, Escriva-Bou et al. 2015), and the potential of behaviour change initiatives has been 
noted (Gill et al. 2011, Kenway et al. 2013, Maas 2009, Escriva-Bou et al. 2015). 
2.3.2. Hot water energy use and loss in households
Hot water system types vary according to energy source, and method of hot water heating and/or storage. The 
energy used by a hot water system to supply hot water to an end use can be described as three main 
components: (i) energy for hot water; (ii) losses from the hot water system (including storage heat losses, and 
energy conversion efficiency losses); and (iii) pipe heat losses during hot water transport. The magnitude of each 
of these energy use components will be affected by the characteristics of the end use, the hot water system, 
and of the household. 
Storage losses and conversion efficiency losses for hot water systems were shown by Binks et al. (2016) to be 
significant components of water-related energy use in the five Melbourne households studied. According to the 
type of hot water system installed, these components of hot water system energy use will respond differently 
to changes in end use. To account for these differences, any demand management scenario analysis should 
consider water-related energy use responses not only at the point of use but also at the hot water system. 
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Four types of hot water system common in Australia have been considered in this study – gas continuous, gas 
storage, electric storage, and solar thermal hot water systems with continuous gas boost. The key characteristics 
of these types of system are summarised in Table 4. 
Energy losses from hot water storages have been estimated for each household based on a heat transfer 
relationship between: the surface area of the household hot water storage; the thermal properties of the 
storage material; and temperatures of ambient air, cold water, and hot water for that household. 
Energy losses due to the energy conversion efficiency of the hot water system have been estimated by applying 
an energy conversion efficiency factor to the total energy for hot water heating (i.e. hot water energy, and 
storage energy losses). The energy conversion efficiency factor for each hot water system type studied is listed 
in Table 4.
Table 4: Hot water system types and characteristics
Hot water 
system type
Description Energy Conversion 
Efficiency Factora
Gas continuous  
(GCT)
Hot water is heated on demand by a natural gas fired unit, and 
distributed throughout the household to hot water end uses. Hot 
water temperature can be changed (using an electronic monitor) to 
suit individual end uses. 
1.54
Gas storage 
(GST) 
A volume of water in a hot water storage is maintained at a set 
temperature, by a gas fired unit, and hot water for end use is drawn 
from this storage as needed.
1.31
Electric storage 
(EST) 
A volume of water in a hot water storage is maintained at a set 
temperature, by an electric element, and hot water for end use is 
drawn from this storage as needed.
1.02
Solar thermal 
with continuous 
gas boost
(SOL)
A volume of water in a hot water storage is heated by solar energy, 
and is drawn from the storage as needed. As the hot water feeds into 
the household on demand, this hot water is boosted (if required) by a 
gas continuous hot water system to meet a set hot water 
temperature prior to delivery to the end use. 
NA
a Energy conversion efficiency factor = η-1, where η is the efficiency of the hot water system. Data from Flower 
(2009).
2.4. Scenario analysis methodology
Scenario analysis was undertaken by applying demand management scenarios to the ResWE models created 
by Binks et al. (2016) (described in section 2.2). This was achieved by varying the ResWE model parameters as 
outlined in Table 5.
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Table 5: Demand management scenarios - parameters for shower duration and hot water systems 
Shower duration
(minutes)
Hot water storage surface area
(m2)
Sc
en
ar
io
HH1 HH2 HH3 HH4 HH5
HWS
energy 
source 
HWS 
type
Energy 
conversion 
efficiency 
factor
(-) HH1 HH2 HH3 HH4 HH5
SOL 10.3 10.0 5.8 6.1 11.8
SOL-4 4.0 4.0 4.0 4.0 4.0
SOL + 
GAS
SOL + 
GCT 1.54
a 2.8 1.8 1.8 1.75b 1.75b
GCT 10.3 10.0 5.8 6.1 11.8
GCT-4 4.0 4.0 4.0 4.0 4.0
GAS GCT 1.54 - - - - -
GST 10.3 10.0 5.8 6.1 11.8
GST-4 4.0 4.0 4.0 4.0 4.0
GAS GST 1.31 2.8 1.8 1.8 1.8b 1.8b
EST 10.3 10.0 5.8 6.1 11.8
EST-4 4.0 4.0 4.0 4.0 4.0
ELEC EST 1.02 2.8 1.8 1.8 1.8b 1.8b
a applied to energy demand for gas continuous boost system only
b assumed based on 150 L storage tank size
2.5. Scope of analysis
For the purposes of this study, water-related energy use is the direct energy use associated with water end uses 
within the household. The energy use associated with water supply or wastewater collection and treatment are 
not included. 
3. Results
3.1. Household water use, energy use and cost responses to demand management scenario
Impacts of the demand management scenario on total household water use are summarised in Figure 3 (a and 
d). In response to the four minute shower scenario, total daily water use for each of the five households dropped 
from between 88 and 242 L p-1 d-1 to between 83 and 145 L p-1 d-1 (Figure 3a). This represents a reduction in total 
household water use of between 6% (HH3) and 42% (HH5) (5 to 97 L p-1 d-1, Figure 3d). The shower demand 
management scenario has most impact in households with higher baseline water use (HH1, HH2 and HH5), in 
which shower water use represents a higher fraction of total household water use (see Binks et al. (2016)).
A comparison of hot and cold water use for the households (Figure 3a and d) shows that hot water use is most 
impacted by the four-minute shower scenario, reducing by between 11% and 65% of total baseline hot water 
use for the household. This is due to the fact that showers are responsible for the largest fraction of hot water 
use compared to other end uses in these households (Binks et al. 2016). 
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Average daily energy use for hot water systems in the five households ranges from 1.5 to 6.2 kWh p-1 d-1 
(including solar thermal energy for hot water heating) (Figure 3b). Shifting these households to four minute 
showers would reduce hot water system energy use to between 1.3 and 3.2 kWh p-1 d-1 . This represents a 
reduction in energy use of between 0.1 and 3.8 kWh p-1 d-1 across the households (Figure 3e), or a reduction of 
9% (HH3) to 63% (HH5) from baseline hot water system energy use. Greatest reductions would be achieved in 
households with higher baseline shower durations and frequencies (HH1, HH2 and HH5: 10 - 12 min shower-1, 
1.4 - 1.8 showers p-1 d-1).
Combined baseline costs for water and hot water system energy for the households studied range from $993 to 
$1559 hh-1 y-1. Shifting to four-minute showers would reduce combined water and hot water system energy 
costs to between $812 and $1459 hh-1 y-1, a reduction of between $37 (HH3) and $500 (HH2) hh-1 y-1 (or between 
4% to 31% of baseline water and hot water system energy bills). Greatest reductions would be achieved in 
households with higher baseline shower durations and frequencies (HH1, HH2 and HH5: 10 – 12 min shower-1, 
1.4 - 1.8 showers p-1 d-1). This reflects similar observations for energy reductions (see section 3.2). 
Bills are dominated by water costs, which comprise 76% to 95% of combined baseline water and hot water 
system energy costs, rising to 78% to 97% under a four-minute shower scenario. Under a four-minute shower 
scenario, water costs reduce by $25 to $436 hh-1 y-1 (3% to 29% of baseline water bills), while energy costs 
reduce by $12 to $179 (9% to 63% of baseline hot water system energy bills). 
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Figure 3: Total daily water use, hot water system energy use and combined water and energy costs, per person, 
for baseline and 4-minute shower scenarios. (Error bars show one standard deviation around the average.)
3.2. Hot water system type and impact upon energy use in response to demand management
The impact of hot water system type on daily hot water system energy use for each household studied is 
summarised in Figure 4. The hot water system energy use is shown in terms of energy use components (energy 
losses, hot water energy, and solar thermal energy), for both the baseline and four-minute shower scenarios. 
At their baseline shower durations, in four of the five households studied a gas continuous hot water system 
(GCT) would consume the greatest energy for hot water heating (Figure 4; HH1, HH2, HH4 and HH5). This is due 
to the fact that energy losses would be greatest for gas continuous type systems in these households. For HH3, 
which has the most conservative volume and temperature for shower water use (23 L p-1 d-1 at 32°C, see Table 
1), a gas storage system (GST) would consume most energy for hot water heating. Combined energy conversion 
efficiency losses and storage losses for a gas storage system (GST) would outweigh energy conversion efficiency 
losses in a gas continuous system (GCT) in this household. 
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Figure 4: Average daily hot water system energy use, per person, by hot water system type and shower scenario 
(kWh p-1 d-1). (Error bars show one standard deviation around the average.)
Across all five households at their baseline shower durations, solar hot water systems with gas continuous boost 
(SOL) would use least energy for hot water heating (1.0 to 6.2 kWh p-1 d-1). Electric storage hot water systems 
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would consume less energy than gas storage or continuous hot water systems within all households studied 
under both current (EST) and four-minute (EST-4) shower durations.
Under the 4-minute shower demand management scenario, in households with higher shower flow-rates (HH2, 
HH4 and HH5, 9 – 10 L min-1, see Table 1) a gas continuous hot water system (GCT-4) would consume most 
energy for hot water. In the households with lower flow showers however (HH1 and HH3, 4.4 – 6 L min-1), a gas 
storage system (GST-4) would consume most energy under the demand management scenario. This is due to 
the fact that energy conversion efficiency losses scale directly with reduced hot water demand, whereas storage 
losses are relatively fixed (as a function of the surface area of the hot water system, and the temperature 
difference between hot water stored and the ambient air outside the storage tank). 
Energy conversion efficiency losses would comprise 33% - 36% of total hot water system energy use for a gas 
continuous hot water system in all households, under both current (GCT) and four-minute (GCT-4) shower 
durations. Storage losses, which do not scale directly with use, would comprise 4% - 19% of hot water system 
energy use for a gas storage system at baseline shower duration (GST), increasing in significance to 5% - 21% 
under four-minute showers (GST-4). In particular, in the households with higher baseline shower durations and 
frequencies (HH1, HH2 and HH5), storage losses in gas storage systems approximately double their proportion 
of total hot water system energy use under four-minute showers. This is due to the fact that these households 
see a greater reduction in energy use for water heating under the demand management scenario, and the 
relatively fixed volumes of storage loss therefore comprise a greater proportion of the reduced total hot water 
system energy use. 
An electric storage system would have lower combined household energy losses (pipe, storage and energy 
conversion efficiency losses) than either a gas storage or continuous system in all households studied, under 
both current (EST) and four-minute (EST-4) shower durations. This is due to lower energy conversion efficiency 
losses for electric storage hot water systems (energy conversion efficiency factor 1.02, see Table 4). For a solar 
thermal hot water system with gas continuous boost, energy losses (through gas continuous system energy 
conversion efficiency) would comprise 10% to 11% of total hot water heating energy at baseline shower 
durations across the five households, increasing to slightly 10% to 12% under four-minute showers. (Energy 
losses from solar hot water storage are not considered).
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3.3. Water and energy fixed and variable costs and response to shower demand management
Water and energy costs for hot water system operation for the households studied under each scenario are 
summarised in Table 6. These costs are broken down into the fixed and variable cost components of utility bills 
in Figure 5.
Table 6: Annual water and related energy costs, per household per year,  by household and utility type
Baseline shower duration
($ hh-1 y-1)
4-minute shower duration
($ hh-1 y-1)
Hot water system energy costs Water 
costs
Hot water system energy 
costs 
Water 
costs
Scenario SOL GCT GST EST SOL-4 GCT-4 GST-4 EST-4
Energy 
sourcea NG NG NG EL
All
NG NG NG EL
All
HH1 $85 $413 $393 $1,362 $1,474 $35 $174 $190 $706 $1,148
HH2 $131 $649 $580 $2,029 $1,479 $67 $334 $312 $1,129 $1,043
HH3 $27 $133 $140 $492 $853 $24 $119 $128 $453 $828
HH4 $74 $362 $327 $1,153 $1,196 $65 $323 $294 $1,042 $1,137
HH5 $60 $286 $263 $910 $896 $22 $107 $110 $415 $705
a NG = natural gas, EL = electricity
Under all scenarios except for those with electric storage hot water systems, water bills are the dominant 
component of total water and related energy costs for all households (Figure 5). These represent between 69% 
- 86% (GCT) and 92% - 97% (SOL) of baseline costs, rising to between 76% - 87% (GCT-4) and 94% - 97% (SOL-4) 
of costs under the four minute shower scenario. The fixed component of water costs is the greater component 
of these, comprising 21% - 45% (GST) to 27% - 50% (SOL) of baseline combined water and related energy costs, 
and 31%-54% (GST-4) to 37% - 61% (SOL-4) under the four-minute shower scenario. This is a result of higher 
proportional fixed costs for water than for the water-related energy component of natural gas bills ($442 h-1 y-1 
for water vs. $71 to $326 hh-1 y-1). 
Hot water system energy costs for electric storage systems (EST, Figure 5) would be significantly higher than 
other system types for all five households studied, due to comparatively higher cost per kilowatt-hour for 
electricity than for natural gas supply ($0.2678 kWh-1 vs $0.0625 kWh-1, see Table 2). These systems would 
therefore see significant water and related energy cost savings under a four minute shower scenario (scenario 
EST-4). At baseline shower durations, with electric storage hot water systems installed (scenario EST) the 
households studied would pay between $492 and $2,029 hh-1 y-1 for electricity for hot water system operation. 
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Under a four-minute shower scenario (EST-4) this electricity cost would decrease to $453 to $1,129 hh-1 y-1, a 
reduction of between $39 hh-1 y-1 (HH3) to $900 hh-1 y-1 (HH5) or 8% to 54% of hot water system electricity use.  
Energy costs for gas powered hot water systems under baseline shower durations would range from $133 to 
$649 hh-1 y-1 for gas continuous systems (GCT), and from $140 to $580 hh-1 y-1  for gas storage systems (GST). 
Shifting to four-minute showers would reduce these annual costs to $107 to $334 (GCT-4) and $110 to $312 
(GST-4), comprising annual reductions of $14 to $315 (11% - 63%) and $5 to $269 respectively (4% - 58%). 
Greatest energy cost reductions (46% - 58% and 44% - 54%) are evident in households with higher baseline 
shower durations and frequencies (HH1, HH2 and HH5: 10 - 12 min shower-1, 1.4 – 1.8 showers p-1 d-1).
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Figure 5: Annual household water and -related energy costs, per household per year, by cost component
4. Discussion
Demand management through a four-minute shower scenario would reduce hot water heating energy use by 
0.1 to 3.8 kWh p-1 d-1 (or 9% to 64%) for the households studied. When compared with the total energy use by 
Melbourne water utilities in 2009/10 of approximately 0.3 kWh p-1 d-1 (1,505,107 GJ y-1 for 3,977,783 people 
serviced, from Cook (2012)), shower demand management in four of the five households studied has the 
potential to more than offset all of the energy required for the provision of their water services, in some cases 
by a factor of more than ten (HH2 and HH5), as illustrated in Figure 6. The most conservative household studied 
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(HH3) is still estimated to achieve a saving of approximately 30% of the energy required for service provision 
(Figure 6). This validates well with existing literature for Australia, the UK and the US. For example, Kenway et 
al. (2008) estimate residential water heating to be 1.3% of total energy used in Australian cities in comparison 
to 0.2% used by water utilities; DEFRA (2008) estimate residential water heating to be 5.5% of total GHG 
emissions in the UK in comparison to 0.8% for the potable water sector. Similarly, life cycle analysis performed 
by Arpke and Hutzler (2006) in the US showed that 93% to 97% of energy consumed during the operational life 
cycle of domestic water use was within buildings for water heating. Results of this study suggest that the energy 
savings potential through residential shower demand management is significant. Such a saving would benefit a 
water sector under pressure to increase energy productivity, if the consequent energy savings to households 
could be quantified and demonstrated. 
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Figure 6: Average water-related energy saved through 4-minute shower scenario, per person per day, compared 
to utility energy use for service provision. (Error bars show one standard deviation around the average).
Demand management programs may also offer water utilities the potential to offset rising costs of essential 
services and thereby meet their obligations to consumers. For the households studied, a shower-focused 
demand management program could reduce household costs for combined water and energy use by $37 to 
$500 y-1, approximately $12 - $179 of which is energy cost savings for natural gas. This represents a 9% to 63% 
saving on baseline natural gas costs for hot water system use in these households. Such savings could be 
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particularly significant for the lowest earning 20% of households in Victoria, who spend almost three times as 
much of their disposable income on domestic fuel and power compared to the average household in Victoria 
(6.3% vs. 2.2%, CUAC (2014)). Low income households in Victoria receive support from the state Government to 
meet household water and energy costs in the form concessions on their water and energy bills. If utilities are 
able to quantitatively demonstrate reductions in water and related energy costs achieved in low income 
households through targeted water demand management programs, and subsequently demonstrate a 
reduction in government subsidy payments for concessions, utilities may have an opportunity to build a strong 
business case for efficiency initiatives (which currently are not economically rational due to negative revenue 
impacts). 
Demand management impacts vary depending on the drivers for efficiency. For example, simulating different 
hot water system types in each of the households studied found that an electric storage hot water system would 
consume less energy for water heating than either a gas continuous or a gas storage type system (due to 
significantly lower point of use energy conversion efficiency losses), but would cost substantially more to run 
(due to higher cost per kilowatt-hour under electricity tariffs). Furthermore, electric storage systems require 
significantly more primary energy than gas systems (approximately 3 kWh of thermal energy required to 
generate 1 kWh of electric energy (Kenway et al. 2011)), and will have higher greenhouse gas emissions 
associated with electricity consumption (emissions intensity 1.17 kg CO2-e kWh-1 for electricity vs. 
0.18432 kg CO2-e kWh-1 for natural gas in Victoria, (Commonwealth of Australia 2013)). This means that for the 
households studied, if aiming for lowest household energy consumption an electric storage hot water system 
would be a better choice than a gas storage or continuous system, however if the aim was lowest cost, primary 
energy use or emissions, a gas storage or continuous system would be the preferred option. This reinforces the 
need for a focus on suitable indicators for communication and management of household consumption.
Water bills are currently the dominant cost driver for shower demand management in the households studied, 
at 76% - 95% of combined baseline costs for water and energy (gas) for water heating (Figure 3). Energy costs 
would become a more compelling driver for demand management if electric storage hot water systems were 
installed, in which case electricity costs comprise 37% to 58% of baseline bills for water and energy for hot water 
heating (scenario EST, Table 6). This reflects the fact that electricity tariffs currently comprise a much higher cost 
per kilowatt-hour than gas tariffs in Victoria (Table 2). However, gas prices are forecasted to rise substantially 
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(CUAC 2014), so  the financial case for saving gas used for household water heating may become increasingly 
compelling. 
Selection of efficient hot water systems for households should consider characteristics of the household and 
anticipated water use patterns. Under the demand management scenario, gas continuous systems were found 
to be more efficient for lower flow households (HH1 and HH3, 4.4 – 6 L min-1), whereas for higher flow 
households (HH2 and HH4, 9 – 10.5 L min-1) gas storage systems were found to be more efficient. Gas continuous 
hot water systems were most responsive to changes in demand, as conversion efficiency losses scaled directly 
with use. These systems are therefore likely to be the most beneficial in small households, or households with 
significant fluctuations in occupancy, as energy use for hot water heating will scale more directly with changes 
in usage and will therefore be minimised during low use periods. Storage systems would be better suited to 
large households with stable occupancy, as greater volumes of hot water usage will reduce the proportional 
storage losses. However, it is important to note that as hot water use decreases, the fixed volume of storage 
losses increase in importance (comprising a higher fraction of total energy for hot water heating). Selection of 
appropriate storage size will therefore become increasingly important as the efficiency of fittings and fixtures in 
households improves and reduces hot water demand. (See Vieira et al. (2014) for valuable work in this area).
4.1. Limitations
This study provides a scenario analysis for water-related energy demand management in five highly 
characterised individual households, with a focus on the impacts of shower duration and hot water system type 
on water and energy use and costs. Outcomes for these five households are not intended as a representative 
sample of the broader population. The objective of the study is to provide insight into the individual 
characteristics within different households which are likely to influence the success of energy management 
through water demand management. It is intended that this information can then be applied to enhance 
accuracy in modelling at a broader, more representative scale. All households considered in this study are 
detached dwellings, and it is likely that multi-residential dwellings will display different water and energy use 
characteristics. 
5. Conclusions
Water demand management, through changing the duration of showers, reduced energy demand for all 
households modelled. By reducing shower duration to four minutes per shower (from between six to ten 
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minutes), the reduction in energy demand across the five households studied was between 0.1 and 
3.8 kWh p-1 d-1 (or 9% to 63% of baseline use). Given that the energy use for water service provision in 
Melbourne is approximately 0.3 kWh p-1 d-1, such household energy use reductions through water demand 
management may offer a significant opportunity to limit the energy footprint of water service provision. 
Household characteristics influence the efficiency of hot water system types in the households studied. For gas 
powered hot water systems, continuous type systems are more efficient in lower flow shower (4.4 – 6 L min-1) 
households, whereas storage type systems are more efficient in households with higher flow (9 -10 L min-1) 
showers. This is due to trade-offs between energy conversion efficiency losses and storage heat energy losses, 
both of which comprise a significant proportion of total hot water system energy use (33% to 36% for gas 
continuous systems, 19% to 22% for gas storage). As the efficiency of fittings and behaviours increases, energy 
losses from storage hot water systems increase in importance (i.e. storage losses represent a higher fraction of 
total water-related energy, as they are relatively fixed and don’t scale down with reduced usage). Consequently, 
for storage type hot water systems the selection of an appropriate storage volume is important. 
In response to shower duration demand management, savings in combined water and energy cost across the 
five households studied was $37 to $500 hh-1 y-1 (4% to 31% reduction from baseline). For a scenario in which 
electric storage systems were installed, energy cost savings would be more significant than for gas systems, at 
$39 to $900  hh-1 y-1 compared to $5 to $268 hh-1 y-1 for gas storage systems and $14 to $315 hh-1 y-1 for gas 
instantaneous systems (due to higher variable tariffs for electricity than natural gas, $0.2678 kWh-1 vs 
$0.0625 kWh-1). Households with electric storage hot water systems may therefore have greater financial 
incentive to participate in water-related energy demand management (assuming similar tariff structures).
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7. Glossary
d day
GHG greenhouse gas
GJ Gigajoule
hh household
HH a specific, studied household (e.g., HH1)
HWS hot water system
kg kilogram(s)
kg CO2-e kilograms of carbon dioxide equivalent
kg CO2-e kWh-1 kilograms of carbon dioxide equivalent per kilowatt hour
kWh kilowatt hour (3.6 megajoules (MJ))
kWh hh-1 d-1 kilowatt hour per household per day
kWh hh-1 y-1 kilowatt hour per household per year
kWh p-1 d-1 kilowatt hour per person per day
L Litre(s)
L hh-1 d-1 Litres per person per day (household data normalised by occupancy)
L hh-1 y-1 Litres per household per year
L min-1 Litres per minute
L p-1 d-1 kilowatt hour per person per day (household data normalised by 
occupancy)
min minute(s)
MMFA mathematical material flow analysis
p person
p hh-1 d-1 persons per household per day
ResWE the Residential Water-Energy model (refer to Kenway et al. 2013)
WRE water-related energy
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